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PROACTIVE STAGING FOR DISTRIBUTED MATERIAL HANDLING 

Field of the Invention 

The present invention relates to factory material control and delivery 

5 methods and, more particularly, to systems and methods for intelligent 
automation of routing, distribution, and scheduling of material carriers at 
process and storage machines. 

Background of Invention 
In many factory settings, and in particular, the semiconductor device 

10 factory, material handling systems convey carriers, each containing a 
predetermined quantity of material known as a "lot," between stockers, 
which are carrier storage machines, and process machines which process 
the lots (hereinafter, a singular reference to "lot" may also include the 
"carrier" on which it is transported). 

15 Fig. 1 is a diagram schematically showing an exemplary floor plan of 

a factory for manufacturing semiconductor devices, and Fig. 2 is a diagram 
schematically showing a conveying control system 50. The conveying of an 
individual lot 10 between multiple stockers 41,42,43 and between a stocker 
41 ,42,43 and a process machine 31 is conducted by means of a conveyor 

20 25 controlled by the conveying control system 50. 

By way of example, Fig. 1 illustrates a view of a process line 20, 
including a process machine 31 and three stockers 41,42,43. The conveyor 
25 can take many forms, commonly being an elevated railway. The 
receiving and issuing of the lot 10 to and from the process machine 31 and 
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the stockers 41 ,42,43 along the conveyor 25 is conducted by, for example, a 
lifting trolley. 

A conventional system for controlling the conveyance of the lots 10 
will be described with reference to Figs. 1 and 2. Referring now to Fig. 2, 
5 the conveying control system 50 comprises a user interface ("Ul") 52, an 
execution control system ("ECS") 54, and a material control system ("MCS") 
56, interconnected with a communication network 58. The ECS 54 
comprises a host computer 53 comprising a predefined static flat file that 
contains a map of a particular lot 10 to a predetermined stocker 41 ,42,43. A 

10 user, such as a manufacturing technician, interacts with the Ul 52 to 
implement a command to the ECS 54. The ECS 54 communicates the 
command to the MCS 56 for implementation. The communication may be 
conveyed directly or indirectly. 

The MCS 56 includes a carrying host computer 57 that is adapted to 

15 accept commands from the ECS 54 to convey a lot 10, and to receive and 
transmit necessary control data, also referred to as a conveying pattern, to 
control the conveyor 25 along a conveying path for the conveyance of the lot 
10 from, for example, a process machine 31 to one of the stockers 41 ,42,43. 
The MCS 56 communicates to the ECS 54 via a network 58 that the 

20 command was executed. The ECS 54 updates the lot map and 

communicates to the Ul 52 that the MCS 56 has delivered the lot 10 to one 
of the stockers 41 ,42,43, notifying the user. 
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The static flat f.le within the host computer 53 does not contain and 

does not receive state data regarding the status of the stockers 41 ,42,43, 

such as whether stockers 41 ,42,43 are operating and have capacity to store 

additionai lots 10. Further, the static flat file does not provide for the 

5 reception of utilization information that would provide for utility status across 

multiple potentially available stockers 41 ,42,43 on the same factory floor. 

The methodology of the static flat file within the host computer 53 is 

to store the lot 10 in the best known stocker 41 ,42.43 location at the time the 

,ot has finished being processed at a previous operation. However, the 

10 chosen stocker location is not always ideal for a particular process machine 

31 used next in the process. Also multiple process machines 31 that 

provide the same process operation may be physically located in several 

.. <--^. „,i*h w*rvinn distances from the stockers 
different places on me lauiu.y ..ww 

41 ,42,43. Another problematic factor is the need to convey and redistribute 
15 ,ots 10 between stockers 41 ,42,43 to alleviate those that are near capacity 
limits. 

These issues result in less than optimal efficiencies, including long 
delivery times of the lots to a process machine 31 , resulting from retrieving 
,ots 10 stored in nonoptimal locations. Nonoptimal locations include, among 
20 others, those locations where the stockers 41 ,42,43 are not in close 

proximity to the process machine 31 which is about to process the lot. Long 
material delivery times contribute to process machine idle time, as the 
process machine 31 is waiting for the material delivery. This in turn 
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process machine 31 .so impacts downstream — — » 

throughput delays in semiconductor manufacturing. 

n mnnrrirv— stBHsSnas 

Flg . , is a diagram schematic* showing en exemplary «oor pise o, 
a factory for manufactunng semiconductor devices; 

Fig . 2 ,s a diagram schematic* showing a prior at conveyrng 

control system; 

Fi9 3 is a schematic of a proacdve automated material handirng 
sys ,em. in accondance-emhodimentsofme presen, inven«on; and 
^ 4A-B is a richer, o, a steraga process, in accordance with an 



embodiment of the invention. 



ncscription 



,„ the Mowing detailed descnpfcn. reference is made to the 
att ompany,ngdrawingswhich,omta P ar,hereo,wherein,iKenume ra ,s 

^.epa.^and.wh^.s^nhywayo,^ 

ur^tood that orhar emhodimenfs may he ufiiized and stomal o, 
20 changesntayhemad.w.hou.depading.om.escopeof.epresen. 
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appended Plaims and their equivalents. 

,„ the M*, descnpton. ah automated materia, hahdiihg system 
("AMHS") providing proacuve staging is described ih terms o. equipment and 
, methods the, abound in the semtonductor factor,. Numerous ape* 
d eta,ls are set forth in order to provide a thorough understanding o. the 

,„ other instances, some details have heen omitted in order ,o avcd 
,0 ohscuhngthepresentinvention. Therefore, Cher contigurations and .actor, 
settings invoiving an aufomated maferia, handiing system are aiso within me 
scope of the present invention. 

,n the following description, a number of terms of art are used, as 

defined by the following: 
15 Proacfive Staging - The purposeful staging of lots. 

m „igen, Material Storage and Distribution (W - The process of 
choosing the beat opara«onal stocKers while «edng ou, fhe down or off-line 
stackers from the candidate operational stockers. 

Automated Material Handling System ("AMHS") - A system that 

m achine ,0 process machine using a cedes of ovemead track/railways, 
robotic vehicles, and the like. 



6 



nfm o l33 328 Express Mail No. EL973636937US 

Attorney Docket No. 1 10348-133328 
Intel Tracking No. P16770 

designed to be conveyed via the AMHS. 

Lo « . A «**» of up to. e.g.. 25 waters that are grouped together 

for processing. 

Materia! Contto, System CMCS") - Logic eontto., such as aoftwate, 
« sends commands to the AMHS to convey the oatdets in the fa*„. 

Ma nua, Ordet Queue ("MOQ") ■ A togica, queue deeded to rece,ve 
input of iota to be processed by a faceted process machine. 

Sfodcer - A storage machine used in the AMHS sys.em. A atocke, 
,0 can store anywhere from, e.g., 1 00 to 200 camera. 

Fl9 3 is a schematic of a proacdve automated material handling 
system (-P-AMHS1 60. In accordance - embodiments ofthe present 
invendod. Referring also ,o Fig. 1 iiiustrating an examp* prooeaa Itne 20, 
.de conveying o, an individua, ,o. 10 between muttipfe alockers 41,42,43 and 
I5 between a atoeke, 41,42,43 and a procesa machine 3, ia conducted b, 
n^ns o, a conveyor 25 conbolled by fbe P-AMHS 60. The P-AMHS 60 
pro v«ea a proacdve edging conveying padem ma. intelligendy eonveya 
each ,o, 10 targeted to be processed atong a conveying path fo an ide* 
l0C a,ed ,or almoa, idea,) local operadona, afocke, 41 ,42,43 «e await 
20 proceasing by the process machine 31 . 
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, 0 an elevated taiW»y. fl—Wl-l-*. — « 10 "- **" 

conducted by, for example, a lifting trolley. 

,„ me embodiment she* in F» 3. the P-AMHS 60 campuses a user 
interface (*fjr) 62, an execuuan control system rECS") 64, a gueulng server 
,-QS") 69, a rule evaluation engine ("REE") 68. and a matena, control 
system ("MCS") 66, interconnected wHh a command network 98. The 
ECS 64 campuses a has, computer 63 ma, provides centralized command 
and conW between tire U, 62, QS 69, REE 68, and MCS 66. 

The Ul 62 is adapted to receive data from a use, for a desired 
0 per*n o, fhe P-AMHS 60. The use, (e.g., engineer or manning 
technician) intetacts w«h the U, 62 to gueue up wor* for a pan.* process 
m aohine 31. This may be accompiished by dragging and dropping to. 
„ umc *rs from a M of la. m an "MOQ 61 window" on the U, 62. The MOQ 
, 5 ma y also ape* the order thai lots will be processed on the process 

ma chine 81. When the user saves the MOQ, the Ul 62 communfca.es ma 

,og te to route data via the network 98 between me queuing server {"QS") 69, 

• /dcfmw and the material control system 
the rule evaluation engine (REE) 68, ana me 

20 ("MCS") 66 for implementation. 

The ECS 64 communicates me content of the MOQ 61 to me QS 69. 

,,. us, in a database 70 fa, fcture use. The QS 69 communicates back to 
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aatahaae 70. The ECS 64 commun.oa.es ft. intormauon mam » OS 69 ,o 

theUI 62, and therefore, to the use.. 

The ECS 64 routes ft. MOQ 61 information to the REE 68. The ECS 

41 424 3, ro m,heMCS66.uia*ene W o,1t98. EaCsfccKer 41. 42.43 
are MCS 66 with, among other things, reei-lime intc-on on 

„ ass^lolheslecKerhurnorve,^,. 

rea ,.,ime staeue in— to Una ECS 64 wh*h. in turn, routes «,o .he 
REE 68 The REE 68 uses this re*.™ s,a.us — n. informal 
about p ro ,*o,a« k ars4,42.43,o P rooasan l ac,na31,an.,oc k er 

^^^^^ otm ' MMm Z 

15 lndud e ,he ,ea,-«me — n Peing direC, Co— ed ,0 .he REE 
ea ,„ anome, anient ft. MM —n may be stored and 

may be ,ooa,ed in, .or e*amp,e. e»her .he ECS host cornier 63 or ,he 

MCS host computer 65. 
20 The REE 68 uaaa «he stocKer stafe 1o develop proaohve a*g*g 

, n ane en—, are ruie-oased storage process 67 * execCad mam . 
m ac,neaccesa W enied, m .Exa m ,eao,aucha m ach,neacceas,.e 
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me dium. include, bat are no. - to random ace* memon, , RAM ,. 

ROM drive, and/or a (loppy disk drive. 

Th a pmacnve staging msbucaons. developed b, me rule-based 

5 storage preceaa 67, are deseed ,o Mrt <onvey -* « ,0 ' 

.a.ge.ed in trie MOO. to an M ea,ly ieoa,ed Ml operaltonal stacker 41 ,42,3 
t0 a*a« processing by ,he process mabbine 3, . Tbis proacbve sieging 
pro v«es strategic P-acenren. - «- to* prior to .be toto being called .or 
accessing. Trie enrage prooese 67 defines are iocs ,0 ,ba, are 

,„ candida.es .o, proactive ,a 9 .ng, ,e„ to* ~ are tooaled «-» «- 
proC ess macbine 31. Tbe s.o,age pracess 67 a,so de«en*es»btob o. me 

lols ,0 priorto processing, in one en— ,be M «re 9 e locabon 
may be a local, availabie stocke, - a iow ulilizalion rate. . <bere are 
15 aevera, idea, storage locations, H may be desirable, bo. no. necessary, to 

aMen, collection o. ma to* .0. by anabiing ecner simultaneous or 
seguenlia, pickery o, me ioto to ma approve gueue or process 
machine 31 . 

A lot 10 or a slacker 41 ,42.43 ia considered tocaV .1 » is proximally 
loc a,ed to ,be deaignaled process macbina. Proximaily tocated ,o„ and 
stackers are ayalem spe* and may vary depending on me applied In 
„aa ambodimen, a proximaily located stocks, may be one Iba, is located on 
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one same sub-system as the procees machine. For exampte. Mm. * 
Fig , stackers 41 and 42 may be consider (oca, to P-oceas machine 31 , 
and stocks, 43 may be considered ren»,e. In another embodimen, a 

5 eavel time to a pedicular process machine. ,n anotber embodiment, a 
p^imatty tocated afccke, coutd be one M ta * a cedain, predenned. 
conveyor distance » a padicutar process machine, in an embodimen,. a to, 
may be in a « stacker mat ma, be coasted a remote stocker, and a 
second stacker .ha, is closer to ,he padlctar process machine man the 

„ ramole stocker may be considered a loca, o, proximalty iocated atocker. 
Th e oioseness o, tbe remote s«ocker in compadaon with the ioca, slacker 
may be detenatned by urhich is closer to .be process maobine as measured 

m a*ine as measured by dre bme it wouid lake a conveyor system to 
measurements. 

The rure-baaed storage pnaceas 67 provides ouerai, system efficiency 
b y pro a*e„ assigning lots 10 ,0 a strategic Cocker so una. -hey wit, be 

20 advantage,** may reducepnaceas machine 31 

pro ces S lng and »a»ng for tne next * 10 la be delivered. 

.ased storage process has deveiopad ,be proacbve sieging —ions Ore 

REE 68 communicates the instructions to the ECS 64. 
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The ECS 64 processes me staging inattentions and commumcates 

M resulung transport control insttucttons .0 ft. MCS 66. Tna MCS 66 
comprises a carrying host computer 65 una, is adapted to accept and 
pro cess me transport oon.ro! instructs ton, .he ECS 64. The MCS 66 
5 men executes the instructions and conttols me conveyor 25 for me 
oonveyanceofme.enje.ed.o.slO.omedesiredlocaton. TheMCS66 

communicates to the ECS 64 .ha, .he conveyance o, me lots 10 was 
executed. The ECS 64 updates the ,0. map (lo<-s.ocker assignments) and 
communicates .0 the Ul 62 .ha, me MCS 66 has delnrered each lo, ,0 ,0 a 
,0 specified stacker 41 .42.43, thereby notifying me user. 

Fig. 4A-B is a flowchart of a rule-based storage process 67, in 
accordance wim an embodiment of , he present invention. The storage 

.._ . . .. r,r he customized to reflect a 

process 67 can be moamea to m.^vo 

partner semiconductor factory layout, for example. The me,hodo,ogy tor 
, 5 an embodiment of the rule-based storage process 67 comprises me 
following. 

,nitiation of the rule-based storage process 67 is triggered by input to 
the MOQ 71. information related to the availability of each stocker is 
provided to a first filter 72. The first filter 72 determines the operational 
20 stockers by deselecting the down or offline stockers from the candidate 
stockers 73. 

Informatton related to the utilization o, each stocker is provided ,0 a 
second finer 74. Stocker uttlizatton is a function o, lo, toading dMdrt by lo. 
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stora9 e caps* o. the tfocker. The secend filter 74 determines ft. va„d 
operationa, a.o*ers Ai, A2, ... An while deseiedng .he stocKers .ha. exceed 
a predefined utilization limit of X% 75. 

A determination is made of the rentaining lots requlnng oonveyance 
, hased upon .he M - lots denned by an MOQ. Those lots which are already 
,„ .he optima, local atocker. in hansi. to .ha optimal loce, s.ocker, or a. .he 
pmoess machine are disnagarded 77. A capachy check is done on the vai-d 
loca , backers to de.en.ine I ,hey have enough space ,o potentially store 
„. ren».e.y stored lors 78. I. so, , he remote* s.ored tete - he assfcned 

embodiment of Fig. 4-B. 

Referring to Fig. 4-B, the valid .oca. stackers are listed and sorted by 
th eir utilization information in ascending order. Beginning with the .east 
utilized va.id .oca. stacker, the stackers will be re.abe.ed B„ B 2 ,...B n 81 . 
15 Lots that are e.igib.e for stacker assignment, i.e., remotely stored .ots, are 
,abe.ed as U L 2 , ...U Their recommended .oca. stackers are designated 
by Sl , S 2 ,...S m 82. S1 is assigned B, and .ot index j is initialized at 2. 

After initial ordering and labeling, the present embodiment enters a 
roU nd-robin subroutine 90 in order to assign remotely stared .ots with va.id 
20 .oca. stackers. The threshold module determines if there has been an 

association for every remotely stored lot by reference to index number j 83. 
lf the lot index j is larger than the total number of remotely stared .ots then 
sub-routine is exited 84. If not, is the previous lot L M stacker 
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recommendation B. the same as B„ 85? Thai ,s. 

ass i 9 „ed In ft. cunen, ttMatton, hi ,he, have <B. ■ W « » - — 

b een assigned in the current ro«on, » * — "° d " * 
will be the next local valid stacker in the rotation. B*»i 87. The index j will be 
incremented 83. and the round-robin subtle wit, begin again b, checking 
to whether att o. the remote,, stored M have teen assayed with 

stored lots have been assigned a valid local atocker. 

Th,s round-robin subroubne 90 is esed to distribute and balance a 

43 ma , be considered a nonoptima, stacker because « is no, proximally 

■ , a ,-k„ the P-AMHS in parallel far delivery, 
that multiple lots 10 can be picked up by the P AMH& 

frOT ,ueuin g up«awa«,orde,ivery.wbi,e,heo,ber,oc,la,oaker4 2 ,a«,e 

Cher embodimente o, Ihla inventtan oould invade logic ,o . «he leaa, 
^ed koca, stacker- — e remote,, stored lots untl, ttte sicker te 
„. longer »te leaa, utilized. This embodiment would be pamculad, 

neckup caused b, over-assigning ,emo,e lots to one undented local 
s,ccker. Ye,ar»,ber embodiment Include reaseessing ublizatton and 
ord ering a, loaal stockera atte, a certain numb., a, lo, easterns. Th,s 
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embodiment would be particularly advantageous because it could prevent 
the lots from backing up while concentrating flow of the remote lots to the 
least utilized of the local stockers. 

Proactive staging based on embodiments of the present invention, 
5 has been demonstrated to show the possibility of a dramatically reduced lot 
delivery time with corresponding improved process machine utilization. This 
capability is generic and can be applied to all process machine types in 
semiconductor manufacturing, as well as other manufacturing. Since it is 
generic, development and implementation cycle-time may be dramatically 

10 shortened for different process machines. 

Although specific embodiments have been illustrated and described 
herein for purposes of description of the preferred embodiment, it will be 
appreciated by those of ordinary skiii in ihe art that a wide variety of 
alternate and/or equivalent implementations calculated to achieve the same 

15 purposes may be substituted for the specific embodiment shown and 

described without departing from the scope of the present invention. Those 
with skill in the art will readily appreciate that the present invention may be 
implemented in a very wide variety of embodiments. This application is 
intended to cover any adaptations or variations of the embodiments 

20 discussed herein. Therefore, it is manifestly intended that this invention be 
limited only by the claims and the equivalents thereof. 
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